This research was to study the efficiency of the Fenton's treatment process for the removal of three herbicides, namely 2,4-dichlorophenoxy acetic acid (2,4-D), ametryn and dicamba from the sugarcane field runoff water. 
INTRODUCTION
Herbicides are mainly used to kill unwanted plants (weed) from farm lands, industrial sites and forestry. During rainfall, immediately after application of herbicides leads to agricultural runoff and it moves towards downstream along with pollutants (natural and man-made) and thereby contributing the pollutant load on surface water body (Conte et al. ) . The major source of water pollution includes overdose, improper application, air spraying, container washing and unintentional leakage from containers.
2,4-Dichlorophenoxy acetic acid (2,4-D) and dicamba are most commonly used herbicides around the world. These are inexpensive type of herbicides, used to control the Plantain plantago and White clover broad leaf types of weeds present in the field. It is a known fact that more than 1,500 pesticides contain 2,4-D as the main ingredient (Chu et al. ) . When these herbicides are released to the water and soil environment, they undergo different biochemical processes and thereby form a variety of transformation products (2,4-dichloroaniline), which have a higher toxicity than the 2,4-D and dicamba (Farran & Ruiz ) . Due to low soil sorption (k OC ) and high water solubility (890 ppm for 2,4-D and 4,500 ppm for dicamba), the traces of these herbicides are detected in surface water body (Gouin et al. ) . The 2,4-D and dicamba are well-known endocrine disrupting chemicals and exposure to these chemicals affects eyes, thyroid, liver, kidneys and nervous system of human beings (USEPA ). Also, these herbicides are having a significant effect on birds, beneficial species in soil and aquatic life. Therefore, the 2,4-D concentration in drinking water is recommended as 29 μg L À1 as its maximum permissible limit (WHO ). Ametryn is a triazine class herbicide used to control the Moneywort type of broad leaf weeds. Ametryn is also highly toxic to human beings and an extremely phytotoxic PSII type of herbicide ( Jones & Kerswell ) , low affinity towards soil (water solubility of 185 ppm) and high leachability, thereby creating a threat to the aquatic environment.
Nowaday's mixture of 2,4-D and dicamba, 2,4-D and ametryn, dicamba and ametryn formulations are more popular due to their synergic effect (Cserhati & Forgacs ) on variety of broad leaf weeds that are present in the field and these are economical, save time and destroy the 30-50% of other gross types of weeds (sedges) also. However, these herbicides do not ensure that they are safe for non-targeted plants, animals and useful microorganisms in soil. Therefore, the knowledge about residual concentration, degradation mechanism and the interaction between these herbicides with insecticides, fungicides and fertilizers in the farmland is more important than the ultimate receiving water body (Heppell & Chapman ) .
Advanced oxidation processes have a special interest due to their high oxidation potential for the removal of toxic compounds present in water and wastewater. The Fenton's process is the popular treatment method in advanced oxidation processes (AOPs), which is the combination of H 2 O 2 and Fe 2þ (II) and releases highly reactive hydroxyl radicals (
• OH) shown in Equations (1) and (2). These
• OH radicals are having high standard oxidation capacity (E 0 ) of 2.8 V, reacts with organic contaminants and forms the final products like CO 2 , H 2 O and inorganic ions shown in Equation (3) and also this process works in ambient conditions such as room temperature, atmospheric pressure, etc. (Pignatello et al. ; Bigda ) .
The biodegradation studies were reported for the mixture herbicides such as 2,4-D, mecoprop and dicamba (Ghoshdastidar & Tong ), 2,4-D and ametryn (Sandoval-Carrasco et al. ), but herbicides containing stable carbon halogen bonds in their structures have been described to be much more resistant to microbial degradation. Therefore, many researchers successfully applied AOPs for the degradation of 2,4-D with photo-Fenton, (Conte et (Gao et al. ) . According to the best of the authors' knowledge, no research work has been reported on Fenton's treatment of mixture of 2,4-D, dicamba and ametryn in real agriculture runoff water. Therefore, in this research work, the Fenton's treatment was performed and the parameters were optimized with proper Design of Experiments (DOEs) tool.
In traditional optimization technique, changing one factor at a time and keeping other factors constant is impracticable and it does not give any interaction between different variables with responses. To overcome these limitations the different types of DOEs are proposed such as factorial design, response surface design, mixture of designs and Taguchi design. The Taguchi method involves the systematic way of designing the experiments and analysis of variance (ANOVA) is a tool for analysis of the results. The Taguchi design is cost effective, flexible, provides the high quality of the information at each point, and reduces the experiments than central composite design (CCD) (Ali et al. ) , save the time and provides a global knowledge with help of standard statistical analysis (signal to noise, S/N ratio). In the present study, the objective is to treat the actual agricultural runoff water by Fenton's reagent and to optimize the variables involved in the process with the Taguchi 
MATERIALS AND METHODS

Chemicals
The 2,4-D, ametryn and dicamba were purchased from Sigma Aldrich. The physical and chemical properties of all these three herbicides are listed in 
Experimental methodology
The 1 mM of stock solution and the standard solutions of 0.13, 0.26, 0.39, 0.52, 0.65 mM were prepared in ultra pure water for all three compounds. The high performance liquid chromatography (HPLC) calibration curves were prepared by applying proper conditions listed in Table 2 . Then, the runoff water was filtered with 0.2 μ filter paper and the herbicide concentrations were quantified with help of HPLC and they are 25.5 mg/L, 93.7 mg/L and 3.4 mg/L of 2,4-D, dicamba and ametryn, respectively. The batch experiments were performed for 250 mL of actual samples in 500 mL capacity Erlenmeyer conical flasks 
Analytical methods
The λ max values were obtained with ultra violet (UV) double beam spectrophotometer (Systronics, AU-2701 model). The initial and final concentration of herbicide were monitored by HPLC (Agilent, 1260) equipped with UV and diode array detector. The pH, conductivity and turbidity were measured with Systronics pH meter, conductivity meter and turbidity meter. Standard Methods (APHA, ) were used to determine the nitrates, sulfates and chlorides in runoff water. The COD of the sample was measured with closed reflux titration method and the COD removal efficiency was calculated according the Equation (4). The residual hydrogen peroxide was measured with iodometric titration and the interferences due H 2 O 2 in COD determination is corrected according to the method given in the literature (Wu & Englehardt ) . The residual iron as Table 3 .
where COD i is the initial COD (mg/L) of all three herbicides and COD f (mg/L) is its final COD after reaction time.
Taguchi experimental design
In Taguchi method, the output of the design is transformed to S/N ratio instead of results itself. The S/N ratio is the mean value of standard deviation, which tells about the deviation from the desired value of the each response with actual experimental values. There are mainly three types of S/N ratios in Taguchi design depending upon the type of process: smallerthe-better, larger-the-best, and nominal-the-better. In Fenton's process, the larger S/N ratio was selected to optimize the variables involved and it was calculated for each factor level combination according to the Equation (5). In the present study, four independent variables (H 2 O 2 /COD (A), H 2 O 2 / Fe 2þ (B), pH (C) and reaction time (D)) and four responses (%COD, % ametryn, % dicamba and % 2,4-D removal) were considered.
where Y ¼ responses at the given factor level and n ¼ number of responses at the factory level. (Li et al. ) . Therefore, the reaction time was selected as 30, 135 and 240 min. All the four factors with three levels are listed in Table 4 and the Fenton's dosage along with four responses are shown in Table 5 .
RESULTS AND DISCUSSION
Interactions between independent factors (A, B, C and D) and % COD removal
The experimental results generated by performing experiments with the help of the Taguchi orthogonal array and Tables 5 and 6 . It is seen that the delta value of A is higher than the other three parameters and the values were 3.74, 2.81, 1.02 and 2.54 for A, B, C and D, respectively. Therefore, the A, B, C and D, parameters were ranked as 1, 2, 4 and 3, respectively and it can be concluded that the parameter A has more influence on the COD removal. Furthermore, the ANOVA analysis was carried out in Table 7 to confirm the results obtained in Table 6 . The
Fisher's test (F-test) value were 2.37, 1.51, 0.14 and 66 with percentage contribution (PC) of 44.16, 33.54, 4.31 and 17.99 for A, B, C and D, respectively, with 95% (Pvalue) confidence interval level. Therefore, it can be seen that the higher the F-value, the higher contribution for the response. The main effects plot for S/N ratios for % COD removal is shown in Figure 1 and it was observed that the optimum values were found to be 2.125, 27.5, 3.5 and 135 min for A, B, C and D, respectively. Table 5 , it is seen that the dosage of (17.68 mM) H 2 O 2 was able to yield lesser % COD removal (34-45%). This is due to the fact that by adding the excess amount of H 2 O 2, the Fenton's process was inhibited by decreasing the • OH radical production 
Interactions between independent factors (A, B, C and D) and % ametryn removal (%AR) Table 8 shows the values of the Taguchi analysis of % ametryn removal (%AR) versus A, B, C and D.
The delta values are 2.76, 1.13, 0.66 and 1.21 and they are ranked as 1, 3, 4 and 2 for A, B, C and D, respectively. Therefore, it can be concluded that the parameter A has more influence on the ametryn removal efficiency and factor D (reaction time) has second priority than B (H 2 O 2 /Fe 2þ ). Furthermore, the ANOVA for % ametryn removal versus A, B, C and D were carried out in Table 9 to confirm the results obtained in Table 8 . The F-test values were 6.25, 0.42, 0.10 and 0.61 with PC of 67.57, 12.30, 3.29 and 16 .84 for A, B, C and D, respectively. The main effects plot for S/N ratios for % ametryn removal is shown in Figure 2 and the optimum values were found to be 2.125, 27.5, 3.5 and 135 min for A, B, C and D, respectively. As presented in Tables 6 and 8 , it was observed that pH is having a fourth influencing parameter in both responses (% ametryn and COD removal) and also it was found that the ametryn removal was decreased when the pH was lesser than 3.5 and more than 3.5 (Table 5 ). In case of higher pH (>3.5), the decomposition of H 2 O 2 was observed by losing its oxidation potential and also there might be deactivation of Fe 2þ observed by forming ferric hydroxide complexes and thereby reducing the • OH radical production (Lucas & Peres ; Wang ). Hence, ametryn removal efficiency was reduced. At lower pH (<3.5), the scavenging effect of • OH radicals by H þ ions was observed, which leads to the lesser degradation of ametryn (Equation (7)) (Martins et al. ) . Therefore, the optimum pH was selected as 3.5. This acidic pH (3.5) can be overcome by the use of heterogeneous catalyst (FeOOH) (Yaping & Jiangyong ) , in which the % removal efficiency of the pollutant was relatively better at pH at 7.47 (86.4%) compared to pH 3.07 (98.2%).
From Table 8 , it is seen that the reaction time (D) is also showing significant effect on ametryn removal efficiency along with H 2 O 2 /COD (A). Based on the experimental results presented in Table 5 it was observed that, at 30 min (run 5), the reaction was faster and 95.9% of ametryn removal was achieved, after that 100% removal efficiency was achieved at 135 min (Run 2). It clearly says that within 30 min, a large number of hydroxyl radicals are produced (Equation (1)) and after 30 min the hydroperoxyl radicals (HO 2
• ) were produced (Equations (8) and (9)), which are having lesser oxidation capacity than •OH radical.
Interactions between independent factors (A, B, C and D) and % dicamba removal
It can be seen from Figure 3 that the optimum values of A, B, C and D were found to be 2.125, 27.5, 3.5 and 135 min, respectively. The same trend was observed in COD and ametryn removal efficiencies. From •OOH radical according to the Equation (10) (Duesterberg & Waite ) .
The dicamba removal was increased from 81-95% by increasing the Fe 2þ dosage of 0.07-0.26 mM (Runs 2, 3). However, the removal efficiency was decreased at iron concentration >0.26 mM. Perhaps, at higher concentration of iron the Fe 2þ enhances self-scavenging of •OH radicals given in Equation (11) (Hameed & Lee ) .
Interactions between independent factors (A, B, C and D) and % 2,4-D removal It was also said that at a low pH of 2, the less soluble species of Fe 3þ are available to enhance the • OH radical production and at higher pH(>3.5) the formation of iron hydroxides were observed, which helps in suppressing the Fe 2þ species regeneration and thereby reducing efficiency of treatment process (Wang ) . In this Fenton's process with similar optimum conditions of 5.44 mM (H 2 O 2 ), 0.12 mM (Fe 2þ ) and 3.5 (pH), 40-50% of sulfates, nitrates and chlorides were removed along with dicamba, ametryn and 2,4-D. Therefore, finally the optimum values of A, B, C and D were selected as 2.125, 27.5, 3.5 and 135 min, respectively. Finally, to confirm the accuracy of the experimental results, the normal probability distribution plots versus residuals were performed in Figure 5 (a)-5(d). These plots were linear in nature and all the points were distributed along the straight line and it was confirmed that obtained results were in good agreement with model values.
To know the distribution pattern of the residuals, the graphs were plotted for all nine set of experiments in Figure 6 (a)-6(d). From these figures, it was concluded that the points were randomly distributed along the both sides of the center line (0-line) and it is a good trend for all four responses. 
CONCLUSIONS
Agricultural runoff water containing three herbicides (ametryn, dicamba and 2,4-D) was successfully treated with Fenton's reagent and Taguchi method was applied to study the interactive effects between the variables involved in the treatment process. The obtained results are summarized as follows: • The optimum values were found to be 2.125, 27.5, 3.5 and 135 min for A, B, C and D, respectively, for all four responses.
• From the ANOVA results, it was found that higher F-value was observed for H 2 O 2 /COD ratio, which indicates that percent contribution is (PC) more in all four responses and they are 44.16%, 67.57%, 51.85% and 50.66% for %COD, ametryn, dicamba and 2,4-D removal efficiencies, respectively.
• In addition, H 2 O 2 /Fe 2þ , reaction time and pH are ranked as 2 for all four responses. The optimal COD, ametryn, dicamba and 2,4-D removal was observed at reaction time of 135 min and they are 75%, 100%, 95% and 88%, respectively.
• The maximum removal efficiency was achieved with H 2 O 2 dosage of 5.44 mM and Fe 2þ dosage of 0.12 mM at pH 3.5 for all three herbicides. Therefore, with these results, Taguchi approach can help to identify the most influencing factor in Fenton's treatment process for the removal herbicides from actual agricultural runoff water.
